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Agenda

• What we are focusing on in this discussionWhat we are focusing on in this discussionWhat we are focusing on in this discussionWhat we are focusing on in this discussion
– Interface to SCT

– Requirements of support-interfaces and relation to SCT/Barrel ID

– Flange Design coupling Barrel to Forward

– Design of Support Blocks to achieve desired support Condition

• What we are explicitly What we are explicitly What we are explicitly What we are explicitly notnotnotnot talking abouttalking abouttalking abouttalking about
– How the Beam pipe is supported internally

– Design of the structure supporting the Forward end of the Tube
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Interface to SCT Interlink

• Pixel Support Tube is supported by Interface Blocks which Pixel Support Tube is supported by Interface Blocks which Pixel Support Tube is supported by Interface Blocks which Pixel Support Tube is supported by Interface Blocks which 
are mounted to the SCTare mounted to the SCTare mounted to the SCTare mounted to the SCT

• All Interface Blocks have identical interface to SCTAll Interface Blocks have identical interface to SCTAll Interface Blocks have identical interface to SCTAll Interface Blocks have identical interface to SCT
– Intend to use same fasteners and dowel pins as are used by 

barrel 3 (first SCT cylinder)

– Brief modification of the end of the interlink to accommodate
• Extend Dowel Pins/Longer Bolts

• Round End 

• Mounting Pixel Support Tube requires removal of bolts on Mounting Pixel Support Tube requires removal of bolts on Mounting Pixel Support Tube requires removal of bolts on Mounting Pixel Support Tube requires removal of bolts on 
SCT diameterSCT diameterSCT diameterSCT diameter

– Pins on diameter are not moved

– Cylinder is still held by other set of interlinks

• Above implies that it may be desirable to do XAbove implies that it may be desirable to do XAbove implies that it may be desirable to do XAbove implies that it may be desirable to do X----ray survey ray survey ray survey ray survey 
after mounting Pixel Support Tubeafter mounting Pixel Support Tubeafter mounting Pixel Support Tubeafter mounting Pixel Support Tube
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Mount Interface to SCT Interlink
End of SCT 
Interlink Arm

3mm Dowel Pins 
Extended to 
pick-up Blocks

Interface to Interlink 
defined in UniGe drawing 
252650P0(Sht 1&2) M5 Socket head 

Cap Screws

Request SCT to extend 
Dowel Pins 3mm through 
interlink arm to engage Pixel 
Support Tube Mount Blocks

Mount blocks held in place with same M5 bolts used 
to hold Barrel 3 to interlink
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SCT to Interlink Interface

• Absolute accuracy of Holes in SCT Barrel 3 is Absolute accuracy of Holes in SCT Barrel 3 is Absolute accuracy of Holes in SCT Barrel 3 is Absolute accuracy of Holes in SCT Barrel 3 is 
20202020µµµµ

– Is there data from the current SCT prototype 
indicating that this is reasonable to expect?

• Implies that the twist in the free state is limited Implies that the twist in the free state is limited Implies that the twist in the free state is limited Implies that the twist in the free state is limited 
to 20to 20to 20to 20µµµµ

• Pixel Support Tube will be of same order, but Pixel Support Tube will be of same order, but Pixel Support Tube will be of same order, but Pixel Support Tube will be of same order, but 
hesitate to claim better than 75hesitate to claim better than 75hesitate to claim better than 75hesitate to claim better than 75µµµµ
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Mount Scheme Goals

• Benefit from the stiffness of the SCT across the Diameter, Benefit from the stiffness of the SCT across the Diameter, Benefit from the stiffness of the SCT across the Diameter, Benefit from the stiffness of the SCT across the Diameter, 
but minimize extraneous loads:but minimize extraneous loads:but minimize extraneous loads:but minimize extraneous loads:

• Minimize loads induced due to misalignment of mount Minimize loads induced due to misalignment of mount Minimize loads induced due to misalignment of mount Minimize loads induced due to misalignment of mount 
featuresfeaturesfeaturesfeatures

– Each mount is potentially constrained in 6-Degrees of Freedom
– orient “mate-up”directions with soft degrees of freedom (aligned 

with flexure axis where possible)
– Use pins to locate but let bolts float until all pins are aligned

• Minimize Internal load on SCT/PixelMinimize Internal load on SCT/PixelMinimize Internal load on SCT/PixelMinimize Internal load on SCT/Pixel
– CTE mis-match of very stiff objects leads to potentially high 

forces
– Use of Flexures to minimize induced tension in the SCT.

• Minimize External Load on ID BarrelMinimize External Load on ID BarrelMinimize External Load on ID BarrelMinimize External Load on ID Barrel
– Mis-match of Cryostat and Support tube yields potentially high 

strains
– Use of larger flexures at Forward End Support to minimize load
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Support Condition of Pixel Support Tube

SCT

TRT

Support condition of Pixel Support Tube 
intends to couple in stiffness across diameter

Fixed XYZ

Fixed YZ (N/A)

Fixed XY

Fixed Y

ID Vee Rail
(float Z/dogged Z)

(constrained XY)

ID Flat Rail
(float XZ)

(constrained Y)

-Z

+XSide C Side A

+Y Vertical

SCT Vee Rail
(float Z/dogged Z)

(constrained XY)

SCT Flat Rail
(float XZ)

(constrained Y)

View from top—all
Tube Supports are

Horizontal and Co-planar

Properties TBD

Constraint TBD
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Minimize Local Loads During Assembly

Pixel Support Tube

Flexure on side-C gives vertical 
freedom on side-A

Shimming one mount on side-C gives 
horizontal freedom on side-A ONLY Torque about Z is over 

constrained

Flexure

Adjust 
by Flex

Z-Flexures 
Compensate 
for RotationAdjust  

angle 
by Shim

Vertical
(Y-Axis)

Horizontal 
(X-Axis)

SCT Barrel

Side C Side A

In principle, the 
requirement for 
shimming and flexing 
should be minimal, in 
fact limited to the 
build tolerance
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How Much Float is needed
• Fixed Point to End of Fixed Point to End of Fixed Point to End of Fixed Point to End of 

SCT yields an internal SCT yields an internal SCT yields an internal SCT yields an internal 
stressstressstressstress

– Due to CTE mismatch on 
the order of 1-2ppm/C

• Fixed point to end of Fixed point to end of Fixed point to end of Fixed point to end of 
Cryostat yields an Cryostat yields an Cryostat yields an Cryostat yields an 
External load on the ID External load on the ID External load on the ID External load on the ID 
Barrel via the SCTBarrel via the SCTBarrel via the SCTBarrel via the SCT

– There is potentially a 
large CTE mismatch 
between Cryostat and 
the Pixel Support Tube

– Case where Cryostat 
raised 10C above no-
power condition, and 
where Support tube CTE 
is unusually high 
(>1ppm/C)

• Flexures need to Flexures need to Flexures need to Flexures need to 
assure minimal loads at assure minimal loads at assure minimal loads at assure minimal loads at 
these extensions yet these extensions yet these extensions yet these extensions yet 
remain stiff in the remain stiff in the remain stiff in the remain stiff in the 
orthogonal directionsorthogonal directionsorthogonal directionsorthogonal directions

f
ix

e
d

1.6m
120µ

4.25m @ +1ppm/C2.65m @ +1ppm/C

4.25m @ +23ppm/C
1.2mm

2.65m @ +23ppm/C
700µ

-20C

-20C

+30C
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Analysis of Mounts

• Several Criteria were used to assess the acceptability Several Criteria were used to assess the acceptability Several Criteria were used to assess the acceptability Several Criteria were used to assess the acceptability 
of mount designsof mount designsof mount designsof mount designs————in this orderin this orderin this orderin this order
– Fits in Envelope/Vertical Displacement (equal in standing)
– Flexure Force at expected Travel/Peak Stress
– Overall mass

• Designs were iterated until all criteria were Designs were iterated until all criteria were Designs were iterated until all criteria were Designs were iterated until all criteria were 
acceptableacceptableacceptableacceptable
– Deflections on order of those anticipated for structures 

(meaning do not detract from frequency appreciably)
– Flexure Stiffnesses were reduced to provide loads under 

half that estimated for a friction/sliding coupling

• With more space, vertical deflection can be reduced as With more space, vertical deflection can be reduced as With more space, vertical deflection can be reduced as With more space, vertical deflection can be reduced as 
can the flexure forcecan the flexure forcecan the flexure forcecan the flexure force
– Case in point—Forward end support Flexure as compared to 

Barrel support Flexure
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Supports Fixed or Float in Z

Pixel Support tube
SC

T Barrel Interlinks

SCT Interlink 
to barrel 
interface

Z Flexure

Pixel Support 
Tube interface

Inside bore of 
SCT Barrel

Can rotate parallel to 
mount face of Z-flexure, 
but rotation and vertical 
travel of Z-flexure are 
coupled

Rotate mount orientation Rotate mount orientation Rotate mount orientation Rotate mount orientation 
on Zon Zon Zon Z----flexure to flexure to flexure to flexure to 
accommodate thisaccommodate thisaccommodate thisaccommodate this
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Floating Mount Design Study

Torsion

Bending
& Shear

Lever Arm

50g 85g 108g 80g (target)

•Initial Concept

•Low Mass

•Only preliminary sizing

•Rotation of Mount Feature

•Realistic Sizing

•Developed Figures of Merit

Final ConceptFinal ConceptFinal ConceptFinal Concept

•Acceptable Deflection

•Acceptable Flex Force

•Need to Optimize Mass

Increased Inertias, 
Rotated Mounts

Flex Force

Figures of Merit

Acceptable Force and 
Deflection
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Motivation for Changes
Deflection is primarily Torsion about mount section—
want to reduce Lever-arm and increase Sectional Inertia

40µ

Long Lever Arm

Excessive twist 
in mount block

~50µ Twist -15.6µ

-14.4µ

Plot Axis

Twist ~2.2µ

All of these are Free deflections, real constraints restrict 
some of these motions yielding 30-50% reductions in deflections
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Barrel Flexure Final Concept

High local/
Low average
STRESS

Results 50N force at full potential travel (115µ)
Highest Stress <35% Yield Ti6Al4V
14.5µ Vertical Deflection relative to SCT
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Fixed Support Final Concept

Results 5m vertical displacement relative to SCT
very low stress design—even at full flex (not shown)

Flexure may not be needed depending on expected Build 
Tolerances—can easily make blocks without
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Forward Flexure Final Concept

Results 37.5N load at full 1.24mm travel (this is an external load)
Stress is high-ish in the 65% yield range—not worrisome
Vertical displacement limited to 5µ

It is unclear if 1.2mm is needed, but flexure length is easily
modified

80
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Comparison of Performance to Req.

• Fixed SupportFixed SupportFixed SupportFixed Support
– Small rotation—less than 10mmN moment
– Vertical Deflection less than 5µ

• Barrel Z FlexureBarrel Z FlexureBarrel Z FlexureBarrel Z Flexure
– Full Z-Travel of 120µ—force less than 50N
– Vertical Deflection of 14.5µ
– Would like to reduce both if practical

• Forward End SupportForward End SupportForward End SupportForward End Support
– Full Z-Travel on Side A of 1200µ—force less than 38N (31.25N/mm)—

external force on ID Barrel
– Vertical deflection of less than 5µ

• Internal Tension Load on SCT in Z of up to 100N (two flexures)Internal Tension Load on SCT in Z of up to 100N (two flexures)Internal Tension Load on SCT in Z of up to 100N (two flexures)Internal Tension Load on SCT in Z of up to 100N (two flexures)
– Requires Full Temperature excursion of –40C is seen and 2ppm/C CTE 

mis-match
• Compared with 30Kg mass load, 2X preload on contact and friction coefficient 

of 0.3 (30X9.81X2X.3)=175N Stiction load

• Potential External Z Load on ID Barrel of 30NPotential External Z Load on ID Barrel of 30NPotential External Z Load on ID Barrel of 30NPotential External Z Load on ID Barrel of 30N
– Side A strain is large, but partially cancelled by Side C which is shorter

• Side A=(2X37.5N) Side C=-(2X22.5)

– Requires Both 10C raise in Cryostat Temp (+1mm) and positive 1ppm/C 
support Tube @ negative 20C (anything less is smaller strain)
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Sizing Check on Flange

• Flange dimensions are largely geometry drivenFlange dimensions are largely geometry drivenFlange dimensions are largely geometry drivenFlange dimensions are largely geometry driven————made made made made 
as small as possible that will still fit bolt heads and as small as possible that will still fit bolt heads and as small as possible that will still fit bolt heads and as small as possible that will still fit bolt heads and 
threads…threads…threads…threads…

• Wanted to verify that pushing the flange to this limit Wanted to verify that pushing the flange to this limit Wanted to verify that pushing the flange to this limit Wanted to verify that pushing the flange to this limit 
would still allow adequate coupling between Barrel would still allow adequate coupling between Barrel would still allow adequate coupling between Barrel would still allow adequate coupling between Barrel 
and Forward Pixel Support Tubeand Forward Pixel Support Tubeand Forward Pixel Support Tubeand Forward Pixel Support Tube

• Flange modeled using beam  approximationsFlange modeled using beam  approximationsFlange modeled using beam  approximationsFlange modeled using beam  approximations————analysis analysis analysis analysis 
also checked number of Bolts necessaryalso checked number of Bolts necessaryalso checked number of Bolts necessaryalso checked number of Bolts necessary

• Flange will later be modeled in FEA to verify hand Flange will later be modeled in FEA to verify hand Flange will later be modeled in FEA to verify hand Flange will later be modeled in FEA to verify hand 
calculationcalculationcalculationcalculation
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Flange Bolt Spacing Calculations

Flange is conservatively modeled as a simple beam:
- modeled as guided beam with length of bolt spacing/2
- cross section is assumed to be smallest flange section (forward)
- flange force given by support tube loads (next slide)

L

L/2

Flange 
Load

Number of Bolts Bolt Spacing (m) Delta (microns)
32 0.046 11.45
40 0.037 5.86
48 0.031 3.39
56 0.026 2.14
64 0.023 1.43
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Flange Bolt Spacing Calculations 

(cont.)

Forward TubeBarrel tubeBarrel tubeBarrel tubeBarrel tube
Assumed rigidAssumed rigidAssumed rigidAssumed rigid

Forward
And services
mass

Flange load=(Forward Load*(L/d))

Tube Deflection is calculated based on following assumptions:
- forward tube pivots rigidly about bottom of flange
- total forward tube mass (including services) is cantilevered
- full flange load is taken by upper bolts only (3 bolts)
- all structures rigid

Frequency is estimated based on tube deflection using   f=(1/2π * (g/δ)1/2)

Flange delta

tube
Deflection 

( δ )

Number of Bolts Delta Tube (microns) Frequency
32 64.55 62.64
40 33.05 87.55
48 19.13 115.08
56 12.04 145.02
64 8.07 177.18

desire frequency > 100 Hz
number at left assumes no ribs

-ribs act like bolt constraints
-evenly spaced ribs allow half
the number of bolts

Design for 24 bolts in flangeDesign for 24 bolts in flangeDesign for 24 bolts in flangeDesign for 24 bolts in flange

d

L
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Flange Face (machined layup)

Flange base
(Layup)

Stiffeners
(layups)

Support Flange Bonded Assembly

T-nuts
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Flange Envelope

Pixel Support Tube (Barrel Region) Pixel Support Tube (forward)

240

261

242

260

New dimensions from 1:1 ID Layout May ‘01New dimensions from 1:1 ID Layout May ‘01New dimensions from 1:1 ID Layout May ‘01New dimensions from 1:1 ID Layout May ‘01
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8
1

1

251

May change
By ~5mm to 
806 new 
structure 
added

7
0

0

SCT BARREL 3

Barrel Mount Flange

Interlink

SCT Forward 
Envelope

8
0

6

requested
Changes

244
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Fixed End Support

Support Tube 
Mount Pad

Pixel Mount will 
bond to Mount pad 
and penetrate the 
support tube shell 
through the rail

Hole in Pad is 
shown in proper 
location

Fitting flexure in 
envelope between 
interlink and thermal 
barrier is challenging
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Z-Flexure (Side A)

Support Tube 
Mount Pad M55J

View

Directio
n

Cut Plane

Insulator 
(G10) or Al203

Access hole
Thru
Service Rail

Gap filled
After
picture

Dowel pins 
have line fit

Metal Insert 
Bonded in

Only the top 
section of the 
flexure mount 
takes the 
load
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Flexure Mount Access Hole


